Summary We assayed methyl-p-hydroxyphenyllactate esterase (MeHPLAase) activity in 63 cases of primary laryngeal squamous cell carcinoma. MeHPLAase activity did not show any correlation with oestrogen, progesterone and epidermal growth factor (EGF) receptor levels. No significant relationship was found between MeHPLAase activity and age, sex, tumour site, T classification, stage of disease and EGFR status, whereas a significant inverse relationship was found between enzymatic activity and neck lymph node positivity at presentation. The median value of MeHPLAase activity tended to be higher in tumours with low histopathological grade than in those with high histopathological grade. Dunng the follow-up period (median 50 months, range 2-90 months) locoregional recurrences were observed in 31 out of 63 (49%) cases. At the end of the study, 27 out of 63 (43%) patients had died of cancer. Cox univarate analysis using MeHPLAase activity as a continuous covariate showed that the levels of enzymatic activity were inversely associated with the risk of death and relapse. Assuming the mean value of enzymatic activity as the cut-off value, we found a statistically significant relationship between high MeHPLAase activity and longer relapse-free and overall survival. MeHPLAase activity status retained its prognostic significance also in the lymph node-negative subgroup of patients. On multivariate analysis, both EGFR and MeHPLAase activity proved to be independent factors for predicting a short relapse and the overall survival.
Methyl-p-hydroxyphenyllactate (MeHPLA) , probably derived from cell metabolism (Griffiths and Smith, 1972) , has been identified as the true endogenous ligand of type II oestrogen binding sites (type II EBS) (Clark et al, 1978; Markaverich et al, 1988a) , which are expressed in many normal and malignant tissues (Ranelletti et al, 1988 (Ranelletti et al, , 1992 Piantelli et al, 1993; Ferrandina et al, 1993) . It has a high binding affinity (dissociation constant = 4-5 nM) for type II EBS and inhibits the oestradiol-stimulated growth of rat uterus and MCF-7 human breast cancer cells (Markaverich et al, 1988a (Markaverich et al, , 1990 . MeHPLA is hydrolysed by MeHPLA esterase (MeHPLAase) to the free p-hydroxyphenyllactic acid (HPLA), which has a much lower binding affinity for type II EBS and is inactive in terms of cell growth inhibition (Markaverich et al, 1988b (Markaverich et al, , 1990 . The activity of the MeHPLAase in rat uterus is stimulated by oestrogens in vivo (Markaverich et al, 1989) . Moreover, MeHPLA levels in mammary cancer cells are low or not detectable compared with the normal counterpart (Markaverich et al, 1988a) . Therefore, changes in MeHPLAase activity and consequently in MeHPLA levels may be involved in the regulation of cell growth in normal and neoplastic tissues. Recently, we observed in primary ovarian cancer patients a significant relationship between MeHPLAase activity in the tumour tissue and overall suvival, suggesting a prognostic significance of this enzymatic activity in ovarian carcinoma (Ranelletti et al, 1995) .
The prognostic clinical characterization of laryngeal squamous cell carcinoma (SCC) is inadequate because the outcome may differ considerably in similar patients as regard stage and treatment (Snow, 1989) . The identification of factors related to tumour cell biology may be useful in characterizing patients with a different prognosis. Previous studies have identified biological factors, such as DNA index and/or ploidy (Kearseley et al, 1991; Rua et al, 1991) , or cell proliferation markers (Coltrera, 1993) , which may predict the clinical outcome of laryngeal cancer. Moreover, much attention has been focused on the role of oncogenes, i.e. p53, c-ras, c-myc (Anderson et al, 1992; Irish and Bernstein, 1993; Scambia et al, 1994; Brennan et al, 1995) , cyclin DI gene amplification (Bellacosa et al, 1996) , epidermal growth factor receptor (EGFR) expression and/or amplification (Miyaguchi et al, 1990; Santini et al, 1991; Maurizi et al, 1992; Dassonville et al, 1993; Irish and Bernstein, 1993; Maurizi et al, 1996) .
MeHPLAase activity and consequently MeHPLA levels may be involved in cell growth regulation in laryngeal SCC as these tumour cells express type II EBS with ligand affinity and specificity similar to those observed for type II EBS in other malignant tissues (unpublished observation). Therefore, we studied the clinical significance of MeHPLAase activity in laryngeal SCC in a single institution patient population with a long follow-up.
MATERIALS AND METHODS
Our study included 63 untreated consecutive primary laryngeal SCC patients admitted to the Department of Otolaryngology of the Catholic University of Rome. All patients were staged according to TNM classification (Hermanek and Sobin, 1992) and graded as well (GI), moderately (G2) or poorly (G3) differentiated. At our institution, all primary laryngeal cancer patients received standard therapeutic management: therapeutic surgical treatment (curative surgery) of the primary tumour (T) related to the lesion extension; therapeutic neck node dissection when there is lymph node involvement at clinical presentation (N+) according to the 'wait and see' policy under strict follow-up conditions; post-surgical radiotherapy for local advanced tumours (T4); and neck lymph node metastasis with extranodal spread. All patients of this study have been treated according to this standard procedure. Thirtynine patients underwent total laryngectomy, 17 underwent supraglottic laryngectomy, two hemilaryngectomy and five cordectomy. Eleven patients with advanced tumours (IT2N+, 5T4N0, 5T4N+, stage IV) had post-surgical radiotherapy. At surgery, eight patients with clinically positive neck nodes underwent a therapeutic neck dissection. The median follow-up period was 50 months (range 2-90 months).
Chemicals
MeHPLA was purchased and tritiated to the specific activity of 35.2 Ci mmol-' by Amersham (Aylesbury, UK). HPLA and steroid hormones were purchased from Sigma (St Louis, MO, USA) and quercetin (3,3',4',5,7-pentahydroxyflavone) from Aldrich (Steinheim, Germany).
Preparation of cytosolic and membrane fractions
Human larynx tissues were obtained at surgery. The tissue was placed on ice for no more than 10 min until tumour tissue could be histologically identified and excised. Samples were frozen in liquid nitrogen immediately after surgery and stored at -80°C until assay. In 22 patients, specimens of normal larynx mucosa were obtained together with cancer tissues. At the time of assays, tissues frozen in liquid nitrogen were pulverized by a microdismembrator (Braun, Terzano, Italy), and then resuspended by homogenizing in TE buffer (10 mm Tris 1.5 mm EDTA) for determination of MeHPLAase activity or in TENMG buffer [TE + sodium azide (5 mM) monothioglycerol (0.1%), and glycerol (20%)] for oestrogen (ER), progesterone (PR) and epidermal growth factor (EGFR) receptors. Cytosolic and membrane fractions were prepared, as described previously (Scambia et al, 1991) , by centrifuging the crude homogenates at 105 000 g for 75 min at 2°C.
Receptor assays ER and PR were assayed using the dextran-coated charcoal (DCC) method according to the EORTC (1980) protocol and EGFR was assayed as previously reported (Scambia et al, 1991) . The receptor concentrations were expressed as fmol mg-1 protein. Steroid receptor concentration of 2 3 fmol mg-' cytosol protein was considered the lower limit of detection for the assay, i.e. different from zero.
Measurement of MeHPLAase activity
Cytosolic fractions diluted to 1 mg of protein ml-' in TE buffer were assayed for MeHPLAase activity. The assay was carried out by incubating 0.5 ml of cytosol (and TE as the control) with
[3H]MeHPLA (10 pM) for 8 min at 37°C. Preliminary experiments revealed that MeHPLAase activity was linear with the time in the range between 2 min and 10 min and in a range of protein concentrations between 0.5 mg ml-1 and 4 mg ml-'. Competitors were used in dimethyl sulphoxide (DMSO) (Markaverich et al, 1989) and human ovarian tumours (Ranelletti et al, 1995) in that: (a) it is very sensitive to ethanol and is almost totally destroyed by heating; (b) it is inhibited by quercetin; and (c) the hydrolysis of MeHPLA to HPLA is catalysed (data not shown). For prognostic evaluation, a cut-off point of 0.332, which corresponded to the mean value of MeHPLAase activity distribution, was chosen to distinguish patients with low (< 0.332) from those with high (2 0.332) esterase activity.
Statistical analysis
Correlations between ER, PR, EGFR and MeHPLAase activity were assessed by Spearman rank correlation test. The Mann-Whitney or Kruskal-Wallis non-parametric tests were used to analyse the distribution of MeHPLAase activity according to various clinicopathological parameters. Survival data were available for 63 patients. The Cox-Mantel method was used to evaluate the prognostic role of MeHPLAase activity as a continuous variable (Cox, 1972) . All medians and life tables were computed using the product-limit estimate by Kaplan and Meier (1958) , and the curves were examined by means of the log-rank test (Mantel, 1966) . Multivariate analysis was performed by Cox's proportional hazards model. Relapse-free survival was calculated from the date of first surgery to the date of clinical or pathological local recurrence. Overall survival was calculated from the date of first surgery to the date of death (median follow-up period was 50 months; range 2-90-months). Overall survival Figure 2 shows the plots of the estimates of the overall survival and relapse-free survival as a function of the levels of MeHPLAase activity. At 4-year follow-up the estimated proportions of patients still alive were 49% and 85% at 0.1 and 1.0 pmol mg-' protein min-' enzymatic activities respectively. At the same representative levels of MeHPLAase activities the estimated proportions of recurrence-free patients were 35% and 85% respectively. Figure 3 shows the survival curves according to MeHPLAase activity status. A significant relationship was found between low enzymatic activity and short overall survival. The 5-year survival ( Figure 3A ) was 79% (95% confidence interval 60-97%) for patients with high (2 0.332 pmol mg-' protein min-') enzymatic activity compared to 47% (95% confidence interval: 32-62%) for patients with low (< 0.332 pmol mg-' protein min-') enzymatic activity (P = 0.0124). Similarly, the relapse-free survival curves ( Figure 3B ) indicated that patients with high MeHPLAase activity have a longer relapse-free survival than those with low enzymatic activity. Thus, at the cut-off value of 0.322 pmol mg-' protein min-', the 5-year relapse-free survival was 79% (95% confidence interval: 60-97%) for patients with high MeHPLAase activity compared with 34% (95% confidence interval: 19-44%) for those with low enzymatic activity (P = 0.001).
RESULTS
The possibility to identify high-and low-risk cases in the subgroup of lymph node negative patients is of clinical outmost importance. Considering that node-negative cases represent the vast majority of this patient population, we decided to assess British Journal of Cancer (1998) 77(8) whether MeHPLAase status is of prognostic significance in this subgroup of patients. We found a significant relationship between low MeHPLAase activity and shorter relapse-free and overall survival. In particular, the 5-year overall survival was 51% (95% confidence interval 35-68%) for patients with low (< 0.332 pmol mg-' protein min-') enzymatic activity compared with 84% (95% confidence interval: 67-100%) for patients with high (. 0.332 pmol mg-' protein min-') enzymatic activity (P = 0.016). Similarly, at the cut-off value of 0.332 pmol mg-' protein min-', the 5-year relapse-free survival was 38% (95% confidence interval: 22-55%) for patients with low enzymatic activity compared with 84% (95% confidence interval: 67-100%) for those with high enzymatic activity (P = 0.002).
In Tables 2 and 3 , univariate and multivariate analysis of prognostic variables for overall and relapse-free survival are shown. Cases with high EGFR, low MeHPLAase activity, T3-T4 stage and lymph node positivity showed a significantly increased risk of death and relapse. In the multivariate analysis EGFR positivity and MeHPLAase activity retained an independent negative prognostic significance.
DISCUSSION
This report describes for the first time the presence and characteristics of MeHPLAase activity in a large series of primary laryngeal SCC.
The characteristics of MeHPLAase were similar to those described in ovarian cancers (Ranelletti et al, 1995) relative to the high sensitivity of enzymatic activity to ethanol and heating and the susceptibility to be inhibited by quercetin.
The enzymatic activity was higher in laryngeal SCC (median 0.145; range: 0.03-1.500) than in ovarian cancers (median: 0.062; range: 0-0.429). Moreover, in contrast to what was observed in ovarian cancers, in laryngeal SCC MeHPLAase activity did not correlate either with ER or with PR levels. Taken together, these observations suggest that MeHPLAase activity can be regulated in a tissue-specific manner.
High levels of MeHPLAase activity were associated in laryngeal SCC with a less aggressive behaviour in terms of overall and relapse-free survival. These findings were similar to those previously obtained in ovarian cancers (Ranelletti et al, 1995) , with the exception that in laryngeal cancer MeHPLAase activity is a better predictor of recurrence than of death.
As MeHPLAase metabolizes the endogenous type II EBS ligand displaying cell growth inhibitory activity, it was surprising that low enzymatic activity was associated with a worse prognosis. MeHPLA and MeHPLAase can be considered an interesting system of regulation of cell proliferation, but its specific biological role in normal and tumour cell growth is still far from being clarified.
In conclusion, considering that there are only a few biological parameters for the prognostic characterization of laryngeal SCC, our findings could be useful as they add a new independent parameter for identifying high-risk patients for a more radical therapy. Moreover, among the biological parameters studied to date, MeHPLAase status represents the first prognostic indicator that is able to discriminate high-and low-risk patients in the lymph nodenegative subgroup.
Studies on a large series of patients are needed to further confirm these results and to better clarify the role of this enzymatic system in laryngeal cancer cell biology.
